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Individuals with autistic traits (measured with Autism-spectrum Quotient, AQ) often excel in detecting
shapes hidden within complex structures (e.g. on the Embedded Figures Test, EFT). This facility has been
attributed to either weaker global integration of scene elements or enhanced local processing, but ‘local’
and ‘global’ have various meanings in the literature. The function of speciﬁc global visual mechanisms
involved in integrating contours, similar to EFT targets was examined. High AQ scorers produced
enhanced performance on the EFT and an alternative Radial Frequency Search Task. Contrary to ‘generic’
interpretations of weaker global pooling, this group displayed stronger pooling of contour components
that was correlated with search ability. This study therefore shows a global contour integration advan-
tage in high AQ observers.
Crown Copyright  2014 Published by Elsevier Ltd. All rights reserved.1. Introduction
Individuals with autism demonstrate superior performance
relative to matched controls on visual search tasks such as the
Embedded Figures Test (EFT; Witkin et al., 1971), which requires
detecting a closed-contour shape hidden within a more complex
structure (Edgin & Pennington, 2005; Frith & Happé, 1994; Jolliffe
& Baron-Cohen, 1997; Morgan, Maybery, & Durkin, 2003; Pellicano
et al., 2005). Similar ﬁndings have been observed in typically devel-
oping individuals with high levels of autistic-like traits (Almeida,
Dickinson, Maybery, Badcock, & Badcock, 2010a, 2010b; Grinter
et al., 2009a, 2009b; Russell-Smith, Maybery, & Bayliss, 2010), as
measured by the Autism-spectrum Quotient (AQ; Baron-Cohen
et al., 2001). These ﬁndings are suggestive of similar mechanisms
in the two groups and the existence of an underlying continuum;
however the nature of these mechanisms is still unclear.
Several alternative explanations have been provided to account
for superior visual search in these groups. One proposed explana-
tion is that they have weak central coherence (WCC), which
describes a relatively weaker ability to perceive the global struc-
ture of a visual display, allowing easier access to the targetelements in the search array (Frith & Happé, 1994; Happé, 1996,
1999; Shah & Frith, 1983, 1993). In contrast, the enhanced percep-
tual functioning (EPF) framework (Mottron & Burack, 2001;
Mottron et al., 2006) describes superior low-level and local pro-
cessing with no accompanying global or ‘integrative’ deﬁcit
(Manjaly et al., 2007; Mottron, Burack, Iarocci, Belleville, & Enns,
2003; Mottron, Burack, Stauder, & Robaey, 1999; Ozonoff et al.,
1994; Plaisted, Swettenham, & Rees, 1999). The explanations above
concur in proposing better use of local than global cues by individ-
uals with autism or those with high levels of autistic-like traits,
however, they take different positions as to whether global pro-
cessing is limited in these groups. While each of these explanations
refers to local and global processes, the terms ‘local’ and ‘global’
have acquired a broad range of meanings that at times are poorly
speciﬁed and at other times seem to refer to quite different aspects
of visual processing (Milne & Szczerbinski, 2009). This creates a
challenge when trying to reconcile ﬁndings from different studies,
and conceptualise the co-occurring deﬁcits and strengths present
in these groups.
Almeida et al. (2010a) constructed a new visual search task
using radial frequency (RF) patterns (see Section 2). RF patterns
are created by deforming a circle through varying its radius sinu-
soidally as a function of polar angle, with the number of modula-
tion cycles required to complete one revolution corresponding to
the RF number (Wilkinson, Wilson, & Habak, 1998). These patterns
were chosen because, like the simple target shape in the EFT, they
Table 1
Descriptive statistics of high and low AQ group characteristics. Male–female ratio and
means (and SD) for age (years), AQ, IQ, EFT RT (s) and EFT errors.
Low AQ (N = 16) High AQ (N = 15)
Male:female 1:4.3 1:4
Age 18.56 (2.42) 22.4 (5.73)a
AQ 8.25 (2.79) 27.27 (2.49)
Cut-off 611 P24
IQ 109.50 (10.26) 113.80 (12.22)
EFT RT (s) 33.45 (9.06) 15.07 (9.38)
EFT errors 6.19 (4.64) 2.87 (2.42)
a Note: This small difference in mean age is statistically signiﬁcant (Welch-cor-
rected t(18.59) = 2.401, p = .027) however it arises because of two older observers in
their mid-30s in the High AQ group. The difference reduces to 2 years (with equated
variances) and is non-signiﬁcant without them. All major results in the paper have
also been analysed without those two observers, to check whether this age differ-
ence was critical to our conclusions, and no outcome changed as a result of their
removal. We, therefore, report the values with all participants included.
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deﬁned global or local closed-contour processing mechanisms
(Bell & Badcock, 2009; Hess, Wang, & Dakin, 1999; Lofﬂer,
Wilson, & Wilkinson, 2003). The terms ‘local’ and ‘global’ used here
do not refer to a small ﬁgure within a larger pattern or array (as
proposed by WCC), but rather refer to detection of local features
of the RF pattern (e.g., curvature maxima) and the global integra-
tion of that information around the whole closed contour. RF pat-
terns can provide evidence of either global or local closed-contour
processing (Lofﬂer et al., 2003). This can be achieved by measuring
the amplitude of distortion required to discriminate between a cir-
cle and an RF pattern. The efﬁciency of global integration can be
assessed by using stimuli of a particular RF and varying the number
of cycles of modulation (i.e., curvature maxima) at that frequency
inserted into the otherwise circular contour. For instance, for an
RF3 pattern, 1, 2 or 3 cycles of deformation could be applied to
the contour (see RF stimuli presented in Fig. 2a). A decrease in
threshold with more cycles of modulation is expected, even in
the absence of global integration, due to probability summation,
which refers to the increasing probability of detecting single cycles
as the number of cycles present increases (Graham, 2001). How-
ever for low-frequency patterns (RF < 10), sensitivity to curvature
maxima improves too rapidly to be explained by the processing
of local cues (single cycles) in isolation, but rather requires global
integration of the local shape information around the contour to
explain the improvement (Bell & Badcock, 2008; Dickinson et al.,
2012; Lofﬂer et al., 2003). In contrast, for high RF patterns the rate
of threshold improvement matches the rate predicted by probabil-
ity summation, indicating only local processing of pattern features
(Lofﬂer et al., 2003).
Evidence of superior search by individuals with high, relative to
those with low, levels of autistic-like characteristics has been
reported on tasks that employed either globally or locally pro-
cessed RF stimuli (Almeida et al., 2013). In the present study, the
use of RF stimuli has been extended to examine the efﬁcacy of glo-
bal integration mechanisms in groups differing in levels of autistic-
like traits. As mentioned above, the terms ‘local’ and ‘global’ are
used here in a very speciﬁc sense, referring to clearly identiﬁed
mechanisms with known neural bases (Gallant, Shoup, & Mazer,
2000; Wilkinson et al., 2000). The repeated ﬁndings of superior
RF search task performance suggest that the high AQ group may
have narrower RF channel bandwidths (Almeida et al., 2010a,
2013) or higher sensitivity to the parameters underlying global
processing of RF patterns (Dickinson, Bell, & Badcock, 2013). This
implies that global pooling will be more selective for RF number
and that global integration could be stronger, not weaker for high
AQ individuals.
Grinter et al. (2010) compared children diagnosed with an Aut-
ism Spectrum Disorder (ASD) and typically developing children on
their ability to differentiate between a circle and an RF pattern.
They found that the ASD group required greater deformation of
an RF3 to reach threshold than controls, however no group differ-
ence in threshold was observed for an RF24 pattern. Based on these
ﬁndings, it was suggested that children with autism may have dif-
ﬁculty with global processing, yet have intact local ventral-stream
processing, consistent with WCC (Grinter et al., 2010). However as
detection threshold differences were only inspected when all three
cycles were present on the RF3 pattern, no measure of the efﬁ-
ciency of global integration could be calculated and compared
between groups. Detection threshold differences observed when
three cycles of deformation are presented on the RF3 pattern could
reﬂect varying sensitivity to coarser-scale curvature (local), inte-
gration of signal around the contour (global), or both, and thus
do not provide a direct measure of the efﬁciency of integration.
Therefore, the present study employed the RF integration task,
described above, to extend the work of (Grinter et al., 2010) andto examine the ability of individuals with either high or low levels
of autistic-like characteristics to use global processing when
detecting modulation in RF3 contours.
The aim of this study was to investigate whether those with a
high AQ would show evidence of differences in the ability to inte-
grate the components of a closed form relative to a group with low
AQ. The task employed for this purpose (the RF integration task)
assessed thresholds for discriminating an RF3 pattern with 1, 2
or 3 cycles of modulation from a circle. The high and low AQ groups
also completed the EFT and a version of the RF search task previ-
ously used in earlier studies (Almeida et al., 2010a, 2010b). For
the latter task, participants searched for a target RF3 pattern
among varying numbers of distractor RF4 patterns. If the proposi-
tion of weaker global pooling of low RF patterns, arising from work
investigating children with an ASD (Grinter et al., 2010) is sup-
ported in research on typically developing adults selected to vary
in levels of autistic-like traits, then for the RF integration task,
the high AQ group may also have higher RF3 detection thresholds
when three cycles of modulation are present on the contour rela-
tive to the low AQ group. More critically, we may expect the high
AQ group to show evidence of weaker global integration relative to
the low AQ group, as reﬂected in a shallower improvement in
thresholds as more cycles of deformation are added to the RF3.
However, if previous results of Almeida et al. (2010a, 2010b) are
replicated, and the proposition of narrower RF channel bandwidths
in high AQ scorers is supported, we would predict that the high AQ
group would show evidence of greater global pooling on the inte-
gration task and faster RF search times relative to the low AQ
group, along with a correlation between performance on these
two RF tasks.2. Method
2.1. Participants
Undergraduate psychology students (N = 640) at the University
of Western Australia completed the AQ. Cut-off scores of 611 and
P22 (delineating the lowest and highest quintiles) were used to
create low (n = 16) and high (n = 15) AQ groups (see Table 1). The
two groups did not differ in IQ (t(29) = 1.064, p = .296) or gender
distribution (v2(1, N = 31) = .008, p = .930). Each observer had nor-
mal or corrected-to-normal visual acuity (assessed using a Snellen
chart). The study was approved by the University of Western Aus-
tralia’s Human Research Ethics Committee and conducted in accor-
dance with the Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans.
Fig. 1. Mean RT data for each group across the ﬁve SSs of the RF search task. Error
bars plot 95% conﬁdence intervals. The data were ﬁt with a linear regression (black
and grey straight lines). These results demonstrate overall faster performance and
increased search efﬁciency (reduced RT  SS slopes) of the high AQ group relative to
the low AQ group.
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Observers completed the 50-item AQ (Baron-Cohen et al.,
2001), the two subtest (Matrix Reasoning and Vocabulary) form
of the Wechsler Abbreviated Scale of Intelligence (WASI), Form A
of the adult EFT (Witkin et al., 1971), a simple version of the RF
search task (Almeida et al., 2010a) and the RF integration task
(Lofﬂer et al., 2003).
2.3. RF patterns
An RF pattern is a closed-contour shape created by deforming a
circle by varying the radius with a speciﬁed number of cycles of
modulation around the circumference, according to:
rðhÞ ¼ rmeanð1þ A sinðxhþuÞÞ ð1Þ
where rmean is the mean radius (1 for both tasks), A is the radial
modulation amplitude (0 6 A 6 1), x is the radial frequency (3 for
the target or 4 for distracters), u is the angular phase of the pattern
and h is the polar angle (Lofﬂer et al., 2003).
2.4. RF search task
The experimental protocol, display equipment, and luminance
and target properties (including the modulation amplitudes;
A = 1/(1 +x2) associated with the display were identical to those
of previous studies (see Almeida et al., 2010a, 2010b). The RF
search task required the observer to indicate whether an array of
distracter RF4 patterns (square-like) contained a target RF3 (trian-
gular) by pressing one of two buttons as rapidly as possible. Set
size (SS) of the stimulus display was either 2, 4, 8, 16, or 32 RF pat-
terns, randomly interleaved across trials, with the gradient of reac-
tion time (RT) as a function of SS used as an index of search
efﬁciency. Observers completed 40 trials per SS, providing a total
of 200 trials (50% target-present).
2.5. RF integration task
The RF integration task measures the degree to which observers
integrate shape information around a closed contour (Lofﬂer et al.,
2003). It measures the amplitude of distortion in the RF3 (A in Eq.
(1)) required to discriminate between a circle and the RF3 pattern,
to determine the rate of improvement in thresholds as more mod-
ulation cycles of a ﬁxed wavelength are added to the otherwise cir-
cular contour (see Fig. 2). The connection between a modulated
cycle and the remaining circular contour was smoothed in the
manner described previously (Bell & Badcock, 2008; Dickinson
et al., 2012; Lofﬂer et al., 2003). The efﬁcacy of integration is
reﬂected in the index of the power function describing the
decrease in threshold with number of cycles. A threshold decrease
is expected as a result of probability summation since the probabil-
ity of detecting a single cycle increases when more cycles are avail-
able (Graham, 2001). Global integration is demonstrated when
threshold decreases at a greater rate than expected from probabil-
ity summation (Lofﬂer et al., 2003).
A two-interval forced-choice (2IFC) procedure was used where
test and reference patterns were displayed in sequence (160 ms,
separated by a 500 ms inter-stimulus interval). The mean radius
of the patterns was 1o and the radial luminance proﬁle of the con-
tours was Gaussian (r = 40; 9.40 full width at half maximum con-
trast) as also for the search task stimuli. Pattern order was
randomised and the observer was required to indicate which inter-
val contained the modulated test pattern. Test pattern orientation
was randomised on each trial, to prevent observers from knowing
where a deformation would occur (Bell et al., 2007). The method ofconstant stimuli (MOCS) was employed with nine amplitudes of
modulation and 60 trials per amplitude used for each condition.
2.6. Integration task analysis
The psychometric data were ﬁtted with the Quick function
(Lofﬂer et al., 2003; Quick, 1974; Wilson, 1980):
pðAÞ ¼ 1 2ð1þðA=DÞQ Þ ð2Þ
yielding D, a 75% correct threshold for discrimination between the
test and reference patterns, and Q, a measure of the slope of the psy-
chometric function relating probability of discrimination to modu-
lation level (A). Threshold change was assessed by ﬁtting a power
function of the number of cycles of modulation:
DðnÞ ¼ k nc ð3Þ
where n is the number of cycles of modulation (1, 2 or 3), k is a sca-
ler for sensitivity and c determines the rate of change (used as our
integration index and shown in Figs 2b and 3). Perfect integration of
information around the pattern would result in a power function
index (c) of 1. Probability summation also produces a threshold
decrease but with an index of 1/Q where Q is from Eq. (2)
(Wilson, 1980). If the ﬁtted index is signiﬁcantly steeper than pre-
dicted by probability summation, global processing is
demonstrated.
3. Results
Superior EFT performance was observed for the high AQ group
relative to the low AQ group for both speed (t(29) = 5.547,
p < .001, d = 1.993) and accuracy (t(29) = 2.475, p < .05, d = .898;
see Table 1).
For the RF search task, four 5  2 repeated measures ANOVAs,
with SS as the within-subjects variable and AQ group as the
between-subjects variable were conducted. The four ANOVAs tar-
geted performance accuracy and speed of performance in the tar-
get present and target absent conditions, considered separately.
Accuracy: There was a main effect of SS on accuracy (target pres-
ent: F(4,116) = 14.990, p < .001, g2 = .341; target absent:
F(4,116) = 6.652, p < .001, g2 = .187). However, there was no main
effect of AQ group (target present: F(1,29) = .851, p = .364,
g2 = .028; target absent: F(1,29) = 3.540, p = .070, g2 = .109) and
no SS  AQ group interaction (target present: F(4,116) = .385,
p = .819, g2 = .013; target absent: F(4,116) = 1.611, p = .176,
g2 = .053).
Speed: There was a main effect of SS in the target present
(F(4,116) = 244.875, p < .001, g2 = .894) and target absent
(F(4,116) = 146.218, p < .001, g2 = .834) data, consistent with
slower search times for larger sets (see Fig. 1). Importantly, the
high AQ group was both faster overall and showed a shallower rate
Fig. 2. (a) Dependence of modulation detection thresholds on the number of cycles of deformation for an RF3 pattern for each high AQ (circles) and low AQ (squares)
individual. Both groups demonstrated evidence of global pooling for the RF3, where sensitivity (solid lines) outperformed the probability summation prediction (dotted lines).
(b) The integration index (c) for each member of the high (circles) and low (squares) AQ groups.
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for both the target present and target absent data sets (Fig. 1). Thus
there was a main effect of AQ group in the target present
(F(1,29) = 4.571, p < .05, g2 = .136) and target absent (F(1,29) =
21.116, p < .001, g2 = .421) data. Further, a signiﬁcant AQ
group  SS interaction was observed in both the target present
(F(4,116 = 12.959, p < .001, g2 = .309) and target absent
(F(4,116 = 17.447, p < .001, g2 = .376) data.
On the RF integration task, no signiﬁcant differences between the
high and low AQ groups were observed in deformation thresholds
where one (t(29) = 1.666, p = .107), two (t(29) = .742, p = .464), or
three (t(29) = .059, p = .953) lobes were present on the RF3 pattern
(see Fig. 2a). Global pooling was demonstrated because the index
of the power function (ﬁtted to the averaged group data, see
Fig. 2a), reﬂecting the threshold change with increasing number of
cycles, was steeper than the probability summation prediction
(c = 1/Q = .49) for both the high AQ group (c = .923;
F(1,43) = 23.350, p < .0001) and the low AQ group (c = .820;
F(1,46) = 37.870, p < .0001). A 3  2 repeated measures ANOVA,
with number of cycles as the within-subjects variable, AQ group as
the between-subjects variable, and detection threshold as the
dependent variable revealed no signiﬁcant main effect of AQ group
(F(1,29) = 1.234, p = .276, g2 = .041). A signiﬁcant main effect of
number of cycles was observed (F(2,58) = 445.951, p < .001,
g2 = .939), reﬂecting an improvement (i.e., decrease) in thresholds
for both groups as the number of cycles increased (see Fig. 2a). Fur-
thermore a signiﬁcant AQ group  number of cycles interactionwas
also observed (F(2,58) = 4.555, p = .015, g2 = .136; see Fig. 2a),
reﬂecting a steeper rate of improvement in threshold with increas-
ing number of cycles for the high AQ group (t(29) = 4.430, p < .001;
see Fig. 2b).
EFT RT and the RF integration index were positively correlated
(see Fig. 3e) and each of these variables correlated positively with
slopes derived from the target present (see Fig. 3a and c) and target
absent (see Fig. 3b and d) conditions of the RF search task.
4. Discussion
Consistent with previous studies (Almeida et al., 2010a, 2010b;
Kemner, van Ewijk, van Engeland, & Hooge, 2008; O’Riordan &
Plaisted, 2001; O’Riordan et al., 2001; Russell-Smith, Maybery, &
Bayliss, 2010), we observed enhanced performance by those with
high relative to low autistic characteristics on the EFT. On the RF
search task, the high AQ group were signiﬁcantly faster overall
and less affected by increasing SS than the low AQ group. These
visual search ﬁndings replicate Almeida et al. (2010a) and
Almeida et al. (2010b) in showing enhanced search performance
by those with high levels of autistic traits when required to detect
a target in a background.On the RF integration task, both groups demonstrated signiﬁ-
cant global pooling of the RF3 contour; however the integration
slope, reﬂecting the change in the modulation thresholds across
the number of cycles of deformation for the RF3, was signiﬁcantly
steeper for the high AQ group, reﬂecting greater ability to globally
integrate deformation information in the high AQ group.
These results are surprising if one takes a broad interpretation
of the term ‘global processing’ since previous studies have often
reported poorer detection thresholds for globally processed pat-
tern information in individuals with autism or high levels of autis-
tic traits (Grinter et al., 2009a, 2010; Koldewyn, Whitney, & Rivera,
2010; Pellicano et al., 2005). However, the integration of informa-
tion around the RF pattern contour presented here differs from the
integration of coherently oriented dipoles in Glass patterns (Glass,
1969) or local motion vectors in Global Dot Motion (GDM) dis-
plays, as used in these previous studies. GDM and Glass pattern
tasks involve altering the ratio of signal to noise elements (vectors
or dipoles respectively) in order to determine an individual’s sen-
sitivity. This process of obtaining a measure of the detectable sig-
nal to noise ratio contrasts with the method employed in the RF
integration task, which is concerned with the ability to integrate
the signal around a connected contour (Lofﬂer et al., 2003). The
RF patterns used in the integration task involve no explicit noise,
which contrasts to the noise elements (incoherently oriented
dipoles and local motion vectors) in the Glass and GDM tasks. Fur-
ther, the integration of unconnected elements (e.g., dipoles in Glass
patterns) is likely to draw on a different mechanism to that used to
integrate along the connected contour of an RF pattern (Badcock,
Almeida, & Dickinson, 2013; Bell & Badcock, 2008).
In the current study the high AQ group’s detection thresholds
were not signiﬁcantly different from those of the low AQ group
at any number of cycles, yet the former group showed improved
within-observer ability to integrate the information presented. If
high AQ performance was the result of altered sensitivity to local
curvature information then systematic threshold offsets at all
numbers of cycles would be expected, yet this was not observed.
This ﬁnding is consistent with our previous observation that
improved search performance by the high AQ group is not simply
due to enhanced detection of local curvature information as it is
also found when local curvature is equated for targets and distract-
ers (Almeida et al., 2013).
As noted earlier, previous research has reported higher detection
thresholds for complete RF3s for children with an ASD compared to
typically developing children (Grinter et al., 2010). This outcome
contrasts with the present ﬁnding of no signiﬁcant group differ-
ences in detection threshold when three cycles of modulation were
presented. A difference between the two studies may contribute to
the contrasting results. The earlier study investigated RF3 detection
thresholds in children with an ASD whereas we examined adults
Fig. 3. Correlations and scatterplots of the high (circles) and low (squares) AQ groups’ performance on the: integration task and RF search task (target present (a); target
absent (b)); EFT and RF search task (target present (c); target absent (d)); EFT and integration task (e).
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with low levels. The differences in results may, therefore, reﬂect
either the developmental trajectory or the position of individuals
along the continuum from autism to typically developing. It is
important to note that while the previous study (Grinter et al.,
2010) found that childrenwith an ASD had higher detection thresh-
olds when three cycles were present on an RF3 pattern, the number
of cycles of modulation present on the RF3 pattern was not varied
and so it was not possible to compare an integration index for this
group and the typically developing controls. A higher RF3 detection
threshold could co-occur with either a steeper, shallower, or equiv-
alent integration slope (relative to the control group). A future
developmental study incorporating an integration measure would
be helpful. Developmental changes in sensitivity to lower rates of
curvature could also explain the previous result. Since Grinter
et al. (2010) did not ﬁnd differences with an RF24, which incorpo-
rates higher degrees of curvature in the targets, a general deﬁcit
in curvature processing would not explain their results but if the
suggested mechanisms (Bell & Badcock, 2008; Poirier & Wilson,
2006) for low RFs developed at a different rate to those for high
RFs then the differences might be explained. Wang et al. (2009)have shown that while visual acuity for ﬁne detail reaches adult
levels early in life, sensitivity to RF modulation does not reach adult
performance levels until approximately 21 years of age, which is
consistent with Grinter et al. (2010) reporting higher thresholds
for their young cohort with the RF3 and our ﬁnding of similar
thresholds in both young adult groups in the current study. How-
ever, this difference in overall performance level is distinct from
the difference in slope indicating stronger integration. An addi-
tional study examining integration in a younger age group is still
needed.
Individuals with high levels of autistic traits were superior
searchers and more efﬁcient when integrating information around
a closed contour relative to individuals with low levels of such
traits. Additionally, improved global pooling of contour information
was positively correlated with greater search ability (see Fig. 3).
Given that the stimuli in the RF search task were the same as those
used in the integration task, it may be that greater ability to inte-
grate information around the RF contour and thus deﬁne and differ-
entiate these global shapes allows for improved ability to isolate the
target RF pattern from the distracter items in the RF search task
(Almeida et al., 2010a). This could be beneﬁcial in the EFT where
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this explanation does not account for the superior search ability in
high autistic trait individuals previously observed when targets and
distracters were only segments of the RF patterns and thus no
longer closed contours (Almeida et al., 2013). It is also important
to note, given recent work on Load Theory of Attention and Cogni-
tive control (Remington, Swettenham, & Lavie, 2012), that the array
of conditions incorporated in our three previous papers (Almeida
et al., 2010a, 2010b, 2013) cover a very large range of task difﬁculty,
as indicated by substantial variation in the slopes of RT vs SS
response functions but this has no signiﬁcant impact on the propor-
tional difference in performance between the groups using the
Radial Frequency Search Task. Thus variation in attentional load
does not readily explain the group differences reported here.
Perhaps an enhanced capacity for attention to capture a broader
visual spatial ﬁeld could contribute to superior performance on the
different variants of the RF search task, as greater ability to process a
wider area of the visual display could reduce the impact of increas-
ing SS and thus lower gradients for the search task by decreasing the
need for additional eye-movements. This argument is supported by
previous search-task studies which employed eye-movement anal-
yses and reported that individuals with ASDs made fewer ﬁxations
(Kemner et al., 2008), appeared able to localise targets without
moving their eyes (Kemner et al., 2008), and made fewer ﬁxations
to the outer eccentricities of the search display (Joseph et al.,
2009) relative to age- and IQ-matched typically developing individ-
uals. Additional work is underway in our laboratory to test this sug-
gestion that the effective visual ﬁeld may be larger in individuals
scoring higher on the AQ. Such an explanation may not apply to
all attentional tasks. Grubb et al. (2013) have reported that there
is no difference in exogenous covert attention, the involuntary allo-
cation of spatial attention to rapid onset cues, when comparing
adults with high-functioning ASD and typically developing adults.
It is unclearwhether the lack of difference between groups that they
reported arises from equivalent sensitivity to cuing in the atten-
tional tasks they chose or the choice of the comparison group. Our
visual search studies have repeatedly shown performance differ-
ences using a low AQ comparison group whereas Grubb et al.
(2013) have used a typically developing group, which is likely to
cover a much broader range of the AQ spectrum. Since the visual
search differences we obtain are correlated with AQ scores, selec-
tion of the comparison group is likely to be important.
The current study employed a novel application of visual stim-
uli for which local and global processes are well-speciﬁed in the
psychophysical literature, and revealed enhanced integration of
components of a closed contour in those with high levels of autistic
characteristics. The study therefore illustrates the more general
point that progress is likely to be facilitated if researchers move
away from the broad application of the labels ‘local’ and ‘global’
and instead focus on the speciﬁc underlying visual and cognitive
processes required to perform the tasks.
Acknowledgment
This research was supported by Australian Research Council
Grants DP0666206, DP1097003 and DP110104553 to D.R.B.
References
Almeida, R. A., Dickinson, J. E., Maybery, M. T., Badcock, J. C., & Badcock, D. R.
(2010a). A new step towards understanding Embedded Figures Test
performance in the autism spectrum: The radial frequency search task.
Neuropsychologia, 48, 374–381.
Almeida, R. A., Dickinson, J. E., Maybery, M. T., Badcock, J. C., & Badcock, D. R.
(2010b). Visual search performance in the autism spectrum II: The radial
frequency search task with additional segmentation cues. Neuropsychologia, 48,
4117–4124.Almeida, R. A., Dickinson, J. E., Maybery, M. T., Badcock, J. C., & Badcock, D. R. (2013).
Visual search targeting either local or global perceptual processes differs as a
function of autistic-like traits in the typically developing population. Journal of
Autism and Developmental Disorders, 43, 1272–1286.
Badcock, D. R., Almeida, R. A., & Dickinson, J. E. (2013). Detecting global form:
Separate processes required for glass and radial frequency patterns. Frontiers in
Computational Neuroscience, 7.
Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., & Clubley, E. (2001). The
autism-spectrum quotient (AQ): Evidence from asperger syndrome/high-
functioning autism, males and females, scientists and mathematicians. Journal
of Autism and Developmental Disorders, 31, 5–17.
Bell, J., & Badcock, D. R. (2008). Luminance and contrast cues are integrated in global
shape detection with contours. Vision Research, 48, 2336–2344.
Bell, J., & Badcock, D. R. (2009). Narrow-band radial frequency shape channels
revealed by sub-threshold summation. Vision Research, 49, 843–850.
Bell, J., Badcock, D. R., Wilson, H. R., & Wilkinson, F. (2007). Detection of shape in
radial frequency contours: Independence of local and global form information.
Vision Research, 47, 1518–1522.
Dickinson, J. E., Bell, J., & Badcock, D. R. (2013). Near their thresholds for detection,
shapes are discriminated by the angular separation of their corners. PloS one, 8,
e66015.
Dickinson, J. E., McGinty, J., Webster, K. E., & Badcock, D. R. (2012). Further evidence
that local cues to shape in RF patterns are integrated globally. Journal of Vision,
12, 16.
Edgin, J. O., & Pennington, B. F. (2005). Spatial cognition in autism spectrum
disorders: Superior, impaired, or just intact? Journal of Autism and
Developmental Disorders, 35, 729–745.
Frith,U., &Happé, F. (1994). Autism:Beyond ‘‘theoryofmind’’.Cognition, 50, 115–132.
Gallant, J. L., Shoup, R. E., & Mazer, J. A. (2000). A human extrastriate area
functionally homologous to macaque V4. Neuron, 27, 227–235.
Glass, L. (1969). Moire effect from random dots. Nature, 223, 578–580.
Graham, N. V. S. (2001). Visual pattern analyzers. New York: Oxford University
Press.
Grinter, E. J., Maybery, M. T., Pellicano, E., Badcock, J. C., & Badcock, D. R. (2010).
Perception of shapes targeting local and global processes in autism spectrum
disorders. Journal of Child Psychology and Psychiatry, 51, 717–724.
Grinter, E. J., Maybery, M. T., Van Beek, P. L., Pellicano, E., Badcock, J. C., & Badcock, D.
R. (2009a). Global visual processing and self-rated autistic-like traits. Journal of
Autism and Developmental Disorders, 39, 1278–1290.
Grinter, E. J., Van Beek, P. L., Maybery, M. T., & Badcock, D. R. (2009b). Brief report:
Visuospatial analysis and self-rated autistic-like traits. Journal of Autism and
Developmental Disorders, 39, 670–677.
Grubb, M. A., Behrmann, M., Egan, R., Minshew, N. J., Heeger, D. J., & Carasco, M.
(2013). Exogneous spatial attention: Evidence for intact functioning in adults
with autism spectrum disorder. Journal of Vision, 13, 1–13.
Happé, F. G. E. (1996). Studying weak central coherence at low levels: Children with
autism do not succumb to visual illusions. A research note. Journal of Child
Psychology and Psychiatry, 37, 873–877.
Happé, F. G. E. (1999). Autism: Cognitive deﬁcit or cognitive style? Trends in
Cognitive Sciences, 3, 216–222.
Hess, R. F., Wang, Y.-Z., & Dakin, S. (1999). Are judgements of circularity local or
global? Vision Research, 39, 4354–4360.
Jolliffe, T., & Baron-Cohen, S. (1997). Are people with autism and Asperger
syndrome faster than normal on the embedded ﬁgures test? Journal of Child
Psychology and Psychiatry, 38, 527–534.
Joseph, R. M., Keehn, B., Connolly, C., Wolfe, J. M., & Horowitz, T. S. (2009). Why is
visual search superior in autism spectrum disorder? Developmental Science, 12,
1083–1096.
Kemner, C., van Ewijk, L., van Engeland, H., & Hooge, I. (2008). Brief report: Eye
movements during visual search tasks indicate enhanced stimulus
discriminability in subjects with PDD. Journal of Autism and Developmental
Disorders, 38, 553–557.
Koldewyn, K., Whitney, D., & Rivera, S. M. (2010). The psychophysics of visual
motion and global form processing in autism. Brain, 133, 599–610.
Lofﬂer, G., Wilson, H. R., & Wilkinson, F. (2003). Local and global contributions to
shape discrimination. Vision Research, 43, 519–530.
Manjaly, Z. M., Bruning, N., Neufang, S., Stephan, K. E., Brieber, S., Marshall, J. C., et al.
(2007). Neurophysiological correlates of relatively enhanced local visual search
in autistic adolescents. Neuroimage, 35, 283–291.
Milne, E., & Szczerbinski, M. (2009). Global and local perceptual style, ﬁeld-
independence, and central coherence. An attempt at concept validation.
Advances in Cognitive Psychology, 5, 1–26.
Morgan, B., Maybery, M., & Durkin, K. (2003). Weak central coherence, poor joint
attention, and low verbal ability: Independent deﬁcits in early autism.
Developmental Psychology, 39, 646–656.
Mottron, L., & Burack, J. A. (2001). Enhanced perceptual functioning in the
development of autism. In J. A. Burack, T. Charman, N. Yirmiya, & P. R. Zelazo
(Eds.), The development of autism: Perspectives from theory and research
(pp. 131–148). Mahwah, NJ, US: Lawrence Erlbaum Associates Publishers.
Mottron, L., Burack, J. A., Iarocci, G., Belleville, S., & Enns, J. T. (2003). Locally oriented
perception with intact global processing among adolescents with high-
functioning autism: Evidence from multiple paradigms. Journal of Child
Psychology and Psychiatry, 44, 904–913.
Mottron, L., Burack, J. A., Stauder, J. E. A., & Robaey, P. (1999). Perceptual processing
among high-functioning persons with autism. Journal of Child Psychology and
Psychiatry, 40, 203–211.
R.A. Almeida et al. / Vision Research 103 (2014) 109–115 115Mottron, L., Dawson, M., Soulieres, I., Hubert, B., & Burack, J. A. (2006). Enhanced
perceptual functioning in autism: An update, and eight principles of autistic
perception. Journal of Autism and Developmental Disorders, 36, 27–43.
O’Riordan, M. A., & Plaisted, K. (2001). Enhanced discrimination in autism. The
Quarterly Journal of Experimental Psychology: Section A, 54, 961–979.
O’Riordan, M. A., Plaisted, K. C., Driver, J., & Baron-Cohen, S. (2001). Superior visual
search in autism. Journal of Experimental Psychology: Human Perception and
Performance, 27, 719–730.
Ozonoff, S., Strayer, D. L., McMahon, W. M., & Filloux, F. (1994). Executive function
abilities in autism and Tourette syndrome: An information processing
approach. Journal of Child Psychology and Psychiatry, 35, 1015–1032.
Pellicano, E., Gibson, L., Maybery, M., Durkin, K., & Badcock, D. R. (2005). Abnormal
global processing along the dorsal visual pathway in autism: a possible
mechanism for weak visuospatial coherence? Neuropsychologia, 43,
1044–1053.
Plaisted, K., Swettenham, J., & Rees, L. (1999). Children with autism show local
precedence in a divided attention task and global precedence in a selective
attention task. Journal of Child Psychology and Psychiatry, 40, 733–742.
Poirier, F. J., & Wilson, H. R. (2006). A biologically plausible model of human radial
frequency perception. Vision Research, 46, 2443–2455.
Quick, R. F. (1974). A vector-magnitude model of contrast detection. Kybernetik, 16,
65–67.Remington, A. M., Swettenham, J. G., & Lavie, N. (2012). Lightening the load:
Perceptual load impairs visual detection in typical adults but not in autism.
Journal of Abnormal Psychology, 121, 544–551.
Russell-Smith, S. N., Maybery, M. T., & Bayliss, D. M. (2010). Are the autism and
positive schizotypy spectra diametrically opposed in local versus global
processing? Journal of Autism and Developmental Disorders, 40, 968–977.
Shah, A., & Frith, U. (1983). An islet of ability in autistic children: A research note.
Journal of Child Psychology and Psychiatry, 24, 613–620.
Shah, A., & Frith, U. (1993). Why do autistic individuals show superior performance
on the block design task? Journal of Child Psychology and Psychiatry, 34,
1351–1364.
Wang, Y. Z., Morale, S. E., Cousins, R., & Birch, E. E. (2009). Course of development of
global hyperacuity over lifespan. Optometry & Vision Science, 86, 695–700.
Wilkinson, F., James, T. W., Wilson, H. R., Gati, J. S., Menon, R. S., & Goodale, M. A.
(2000). An fMRI study of the selective activation of human extrastriate form
vision areas by radial and concentric gratings. Current Biology, 10, 1455–1458.
Wilkinson, F., Wilson, H. R., & Habak, C. (1998). Detection and recognition of radial
frequency patterns. Vision Research, 38, 3555–3568.
Wilson, H. R. (1980). A transducer function for threshold and suprathreshold human
vision. Biological cybernetics, 38, 171–178.
Witkin, H. A., Oltman, P. K., Raskin, E., & Karp, S. A. (1971). A manual for the
embedded ﬁgure test. Palo Alto, CA: Consulting Psychological Press.
